This paper investigates spatial differentiation between Russian regions in the context of business location factors. First, we selected a number of variables to describe key factors of business location in the regions. They include market potential of the region's retail markets, fixed asset investments, the number of economically active population, and average nominal monthly wage in the region. Segmentation of Russian regions on the basis of these variables allows comparison and selection of the regions from investors' standpoint. To segment Russian regions on the basis of the selected variables we use self-learning neural networks allowing assessment of several variables with the lack of some input data. Second, we classified Russian regions based on their market potential indicators and represented the results on the map of Russia. We presented a structure of Russian regions which accounts for spatial differentiation of the market potential.
Market potential (Harris, 1954) characterizes the level of regional market accessibility to businesses, consumers and other economic agents. Harris found out that, on the one hand, some industrialized regions of the USA had extremely high market potential. But on the other hand, not only regions with good market access were chosen for production location; concentration of production also improved access to the market. On this basis C. Harris deduced that market potential of a region is the main factor in production location.
According to the Keynesian approach to economic development, the relationship between economic growth and investment is explained with the help of Harrod-Domar model (Harrod, 1939; Domar, 1946) . Central to the model is positive correlation between the rate of investment and economic growth.
If a decision on business location and investment in a region is made by a firm, but not by the state, the level of the economic development of the region will depend on the business investment. This is the principal difference between the market economy of modern Russia and the command-administrative socialist economy. Under socialism all production location decisions in Russia were made centrally by the State Planning Commission, a special state body.
Choosing a region to invest in, the investor will compare regions on a number of parameters. This requires selection of Russian regions where a business can achieve maximum return on investment.
In order to do this, it is necessary to segment all Russian regions in groups according to several features. To evaluate a region from different perspectives, it is necessary to conduct comparative analysis of regional economies based on a number of features. It should be emphasized, that one or two features are not enough and a thorough analysis can require three, four or even more features. Thus, application of the multivariate analysis methods, allowing simultaneous use of several variables to segment selected objects, is needed for research.
Segmentation allows to select regions with similar characteristics for the analysis and to solve several problems. Firstly, investors can compare and select regions more accurately. First of all, it is necessary to group all the regions, select the most attractive group of regions and then compare different regions within each group depending on the investor requirements for natural and labor resources, tax, infrastructure, etc. This will allow to select the most attractive regions.
Secondly, this can help the government bodies of regions within one group set clear goals and performance measures to create strategies of socio-economic development of the regions, as these particular regions, which are very similar and members of one group, have to compete with each other for capital resources.
Our research has the following objectives:
-create a set of indicators (factors) { j X }, representing regional specific features for investors and their transformation in one composite index F (X), where X = (Х,.., j X ,… n X ), all of them should account for the regional specificity of the clustering model;
-apply the clustering model of Russian regions to the neural network using Kohonen's self-organizing maps;
-to conduct empirical analysis using real statistics for Russia's regions in order to test the hypotheses put forward in this study.
In our research we intend to test the following hypotheses:
1) according to the systemic analysis, assessment of a region in terms of business location should be systemic, but not for each individual region. This means that it is necessary to compare parameters of the analyzed region with other regions.
2) business location in Russian regions depends on its market potential, the number of economically active population, and the average nominal monthly wage. A quantitative indicator characterizing a region is the volume of fixed asset investments.
3) Russia's economy is characterized by spatial differentiation of business locations in the regions.
4) Russian regions are characterized by spatial differentiation of the retail market potential.
This research aims at contributing to the study of spatial differentiation between Russian regions and conducting empirical estimation of market potential and other factors of business location in Russian regions. We use self-learning neural networks which allow assessment of several variables with the lack of some input data. The research will result in a structure of Russian regions accounting for special differentiation of market potential as well as other business location factors.
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Methodology and Data

Key Characteristics of a Region
A business, investing into production of goods in a region, wants to maximize its profit. Therefore, the business is particularly interested in the quantity demanded of the product in this and nearby regions as well as in those regions, transportation costs to which and the price level of which allow profit.
In our research we apply Harris's formula (Harris, 1954) defining the market potential of a region as the inverse distance-weighted sum of the purchasing power of all regions:
where:
MP i is the market potential of county i;
Mj is the market of county j;
Mij is the distance from county i to county j.
To make necessary calculations with the help of this formula, it is crucial to select empirical data: what data to use in the calculation?
Let us refer to the first necessary variable -the market size of a region.
According to the classical macroeconomic approach, the market size can be calculated by the value of sales to a market in a given period. It is based on the assumption that theoretically any Russian region can be a potential market for other regions of the country.
In the calculations we will use the retail turnover indicator for Russian regions in 2005 and 2010. Our information source is the Central statistical database of the Federal State Statistics Service of the Russian Federation. In this case we will be able to assess the regional market potential from a consumer demand perspective.
Retail markets, with total sales of 635833 million dollars (19075 billion rubles) and 2436.6 thousand people in 2011, are an important part of Russia's economy. 57% of goods sold at these markets are produced in Russia and 43% of goods are imported (Russia-2012, pp. 33-34) . These particular markets allow producers to sell their products.
The main problem with calculating the market potential of Russian regions is the lack and poor quality of information, or incompleteness of information. Another limitation for this research is that the Federal State Statistics Service of the Russian Federation can not provide information on all indicators or all 83 Russian regions. To overcome this limitation we need to select appropriate research methods.
A second variable needed for the calculation is the distance between the region under consideration and other regions of the country.
To assess the market potential of a region we will use the shortest railway route between the administrative center of the region under consideration and those of other regions of the country. For regions with no train service modified data on driving, river and sea distances will be used. Thus, we will use not just a geographical straight line distance, but a so called "economic" distance, which depends on economic people's activities including availability of road/rail/sea/ river transport links. The information on distances between the main cities of Russian regions is taken from calculations of Russian scientists (Abramov & Gluschenko, 2000) .
Besides the market potential, we will need some other parameters characterizing the regions.
In modern economy an investor first of all needs qualified workforce to build a globally competitive business. A business should be able to recruit personnel with good job skills. That is why such a characteristic of regional economy as "the number of economically active population" is very important for an investor.
From an investor's perspective, to maximize profit it is necessary to evaluate factors affecting the production costs. It is important to know the cost of labor in the region, which is characterized by the average monthly nominal wage index.
To make the right choice an investor should also know the general economic activity of business in the region. Therefore, we will use such an indicator as "fixed assets investment" in the region.
Thus, for our research we have selected the following variables: market potential of a region, fixed asset investment, economically active population, and average monthly nominal wages in a region. 
Neural Network Approach to Data Classification
Studies on spatial differentiation generally use traditional methods of econometric modeling. As it has been stated, we will do our research with incomplete information. Thus, to overcome this limitation we will use artificial neural networks. They can be more effective than traditional research methods. Compared to traditional methods, the main advantage of the artificial neural networks is that they are not programmed but trained.
Theoretical and practical aspects of using artificial neural networks are discussed in many scientific works. Haykin S. (1999) summarized about 1200 most important works on neural network theory. His work is still considered the most comprehensive study in the field of neural network modeling.
Using neural networks allows a principally new level of creating algorithms to solve many complex problems with incomplete information, which is especially important for solving economic problems. Economic, financial and social systems result from actions and reactions of both objective reality and individuals. This makes it difficult to create a complete mathematical model with account for all possible actions and reactions. It is almost impossible to get a detailed approximation of the model based on such traditional parameters as utility and profit maximization.
Models directly imitating social and economic behavior are more effective to use in such complex systems. This is what the neural network methodology allows to do.
In this study we suggest segmentation of the regions on the basis of the market potential and other selected parameters using the Kohonen layer and Kohonen's self-organizing networks (sometimes called maps) (Kohonen, 1982) .
According to different authors, Kohonen's neural networks, or Kohonen's self-organizing maps (SOM), are used for automated classification with no training sequence of patterns, i.e. when there is no a priori information of the desired output (Kruglov & Borisov, 2001) . Consequently, there is no knowledge of the error between the network's and some desired outputs and no need to minimize this error like in the back propagation algorithm.
Using Kohonen's self-organizing maps -one of the neural network algorithms -for analysis allows the automation of pattern discovery.
The main advantage of this method is that the result of the training process depends only on the input data structure. In this method an artificial network of connected neurons during its unsupervised training process tries to understand the relationship between input data and to visualize it on the map.
In this research we used the following methodology. First, we figured out the factors characterizing regional economy from different perspectives. These factors affect the location of a business in Russian regions and include market potential of a region, fixed asset investment, economically active population, and average monthly nominal wage in a region.
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where t is the time; F 1 ( Х  ,t) is the indicator of a region's market potential; F 2 ( Х  ,t) is the indicator of fixed asset investments; F 3 ( Х  ,t) is the indicator of the number of economically active population; and F 4 ( Х  ,t) is the indicator of the average nominal monthly wage in the region.
Multiplication of partial criteria {F k } in (2) represents the interrelationship of all indicators in the overall assessment F of a region: this indicator will reach its maximum value in case of simultaneously maximum values of all aggregates F 1 ,…F р .
To explore causal relationship between the selected factors of business location in Russian regions, we carried out correlation and regression analysis. It was found out that a quantitative indicator characterizing the location of a business is fixed asset investment in a region.
Next, we use Kohonen's method of self-organizing maps to calculate the selected factors across Russian regions.
After that we rate the regions based on the selected indicators, sum up rating positions for every region and classify the regions.
Finally, we classify Russian regions based on the market potential of their retail markets.
Calculation Results
Spatial Differentiation of Market Potential in Russian Regions
Retail market potential in Russian regions was calculated based on the above mentioned methodology. Table 1 . The results are presented on the maps of Russia (Figures 1 & 2) . Vol. 11, No. 9; 2015 The maps (Figures 1 & 2) show an inverse relationship between the market potential of Russia's regions and their proximity to the central region: the farther from Moscow a region is, the lower market potential it has. It proves our hypothesis of a high level of spatial differentiation of Russia's economic development. This puts bounds to comprehensive socio-economic development of the country.
Classification of Russian regions by their market potential resulted in 4 groups of regions (Tables 2 & 3) . Tables 2 and 3 show that Russian regions are characterized by a significant spatial differentiation of the market potential: the maximum market potential concentrates in few regions, while the majority of the regions are characterized by a far less market potential. The 3 rd group of the regions (from 20 to 60%) is the most numerous: it included 31 regions in 2005 and 37 in 2010. At the same time, the group with the maximum market potential (from 80 to 100%) is the smallest in quantity: it included only 7 regions in 2005, and 8 regions in 2010 as Saint Petersburg moved from the 2 nd group to the leader group. The number of the regions in the 2 nd group (from 60 to 80%) reduced from 22 in 2005 to 10 in 2010, as the rating positions of 11 regions became worse and they moved to the 3 rd and even 4 th groups. These results once again prove our hypothesis of a high and increasing level of spatial differentiation of Russia's economic development.
Based on the data of tables 2 and 3, we classified Russians regions by the dynamics of their market potential. We obtained three groups of regions: 1) regions with a stable market potential; 2) regions with an improved market potential; 3) regions with a decreased market potential. The results of the classification are presented in Table 4 . Table 4 shows change in the market potential of Russian regions over the indicated period of time: 24 regions are characterized by decrease in their market potential, 26 regions are marked by the market potential growth, and www.ccsenet.org/ass Asian Social Science Vol. 11, No. 9; 2015 the market potential did not change in 32 regions. This says about slow positive dynamics of economic development in most regions of Russia.
Casual Relationship between Factors of Business Location in Russian Regions
Casual relationships between the selected factors of business location in Russian regions were established with the help of the correlation-regression analysis. The volume of fixed asset investment in a region was taken as an explained variable Y, characterizing business location in a region. Explaining variables include:
Х1 -the retail market potential;
Х2 -the number of economically active population in the regions;
Х3 -the average nominal monthly wage in the regions. These correlation matrices show that factors Х2 and Х3 are significant both in 2005 and 2010, which means a strong linear relationship between the volume of fixed asset investment, the number of economically active population and the average nominal monthly wage. At the same time factor Х1 turned out to be insignificant meaning the absence of correlation between the volume of fixed asset investment and the region's market potential. As correlation between the factors is not very high, the problem of multicollinearity should not arise. The obtained model is characterized by a rather high value of determination coefficient (R 2 =0.7845), which means that the model is reliable enough. The model is also significant, since F-statistic has a large value. However, according to t-test results, factor X1 is not significant (P-value is close to 1). Figure 3 shows a graph of the explained value (the volume of fixed asset investment) and values obtained from the model. As compared to the model obtained for 2005, the model for 2010 has smaller values of R 2 and F-statistics, but it is well significant. Similar to the model obtained for 2005, the model for 2010 has significant factors Х2 and Х3 and insignificant factor X1. Nevertheless, P-value of factor X1 is much less in the second model than in the first one. So, correlation-regression analysis showed that our hypothesis that business location in Russian regions is determined by such factors as the market potential, the number of economically active population and the average nominal monthly wage is partially true. According to the obtained results, there is a strong linear relationship between the volume of fixed asset investment and such factors as the number of economically active population and the average nominal monthly wage while the amount of fixed asset investment does not correlate with the retail market potential.
Classification of the Regions
Russian regions were clustered on the basis of 5 variables: aggregates and the main useful function F. The latter allows a clear and simple interpretation of calculation results. Vol. 11, No. 9; 2015 self-organizing net, х 1 is the classification by fixed capital investment, х 2 is the classification by economically active population, х 3 is the classification by the average monthly nominal wage, and column D is the total rating of a region. Vol. 11, No. 9; 2015 regions. That is why it is useful to apply both the Kohonen layer and the self-organizing network in order to improve accuracy of the calculation.
The calculation results in tables 7 and 8 allow to segment the regions. In our research we identified 4 groups of regions from the most attractive to the least attractive for investors to locate a business in accordance with the criterion in column D: the first group includes the most attractive regions and the forth one -the least attractive (Tables 9, 10 ). Tables 9 and 10 show that Moscow and Moscow Oblast are the absolute leaders by all parameters; these regions are included into the first group. The group is the smallest and includes only two regions. The second group includes slightly more regions -in 2010 it included 6 regions attractive for investors. Groups 3 and 4 are the most numerous and unattractive for economic activity, in 2010 group 4 (the most unattractive) was bigger that group 3 by 14 regions. Some regions of Russia, such as Krasnodar Krai, Republic of Bashkortostan and Sverdlovsk Oblast had improved their positions over 5 years, and moved from group 3 into group 2 thus having increased their attractive force.
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So, applying the neural networks to assess factors affecting the location of a business in Russian regions allows to identify regions with similar features in terms of basic factors of business location in conditions of incomplete information.
Conclusions
The results of the research are the following:
1. To investigate spatial differentiation of the regions' economic development, it is necessary to carry out analysis of regional economies based on numerous parameters affecting the attractiveness of a region for business location. In the context of incomplete information, applying self-learning neural networks gives good results. Neural networks, alternatively to the traditional methods of data processing operations, help to solve problems without preliminary hypotheses and theoretical conclusions (for example, to state that the desired value is linear or one variable has normal distribution). The neural approach can be used both for linear and complex nonlinear relations, but it is especially effective while used in the exploratory data analysis aiming at finding out any relations between different variables. It should be noted that the data can be incomplete, controversial or even knowingly corrupted. If there is relation between input and output data, even non-discoverable by the traditional correlation methods, the neural network is able to automatically set itself up for that relation with a desired level of accuracy.
2. The empirical analysis proved the hypothesis that Russia is characterized by a significant spatial differentiation of the market potential: only few Russian regions have the biggest market potential, whereas a large majority of the regions have small market potential. The obtained results emphasize spatial differentiation of Russia's economic development.
3. Segmentation of Russian regions based on the market potential and other multidimensional data allowed to group regions with similar features in terms of basic factors of business location. The obtained results prove the hypothesis about spatial differentiation of Russia's economy through spatial differentiation of factors of business location in Russian regions. Russia is characterized by a high and growing level of spatial differentiation: a large majority of the regions are the least attractive for business location and only few Russian regions are attractive for business location.
4. The results of Russia' regions segmentation allow to select the most attractive regions to locate a business. Thus, methods of "new economic geography" help to find patterns of business location in modern market economy of Russia.
5. Correlation-regression analysis helped to establish casual relationship between the fixed asset investment on the one hand and the number of economically active population and average nominal monthly wage on the other hand. However, there is no relationship between the fixed asset investment and retail market potential of a region.
6. The results of our research allow to determine the most important task of public authorities, both at the federal level and at the regional level, which is to reduce spatial differentiation of Russia's economic development. Normal economic development of the country is impossible in a situation where the capital and nearby regions are the only regions characterized by the maximum values.
7. The obtained results also allow to assess the effectiveness of the regional development policy and to find ways of increasing its effectiveness. To reduce the level of spatial differentiation it is proposed to take into account the specificity of certain groups of the regions, as well as to use the policy of selective impact on growth points in the regions, on key industries of economic growth. The transition of the regions from groups with low rates into groups with higher rates can indicate correct management decisions of public authorities in the sphere of economic policy.
